Background: physicians are frequently confronted with the question whether cardiopulmonary resuscitation (CPR) is a medically appropriate treatment for older people. For physicians, patients and relatives, it is important to know the chance of survival and the functional outcome after CPR in order to make an informed decision. Methods: a systematic search was performed in MEDLINE, Embase and Cochrane up to November 2012. Studies that were included described the chance of survival, the social status and functional outcome after in-hospital CPR in older people aged 70 years and above. Results: we identified 11,377 publications of which 29 were included in this review; 38.6% of the patients who were 70 years and older had a return of spontaneous circulation. More than half of the patients who initially survived resuscitation died in the hospital before hospital discharge. The pooled survival to discharge after in-hospital CPR was 18.7% for patients between 70 and 79 years old, 15.4% for patients between 80 and 89 years old and 11.6% for patients of 90 years and older. Data on social and functional outcome after surviving CPR were scarce and contradictory. Conclusions: the chance of survival to hospital discharge for in-hospital CPR in older people is low to moderate (11.6-18.7%) and decreases with age. However, evidence about functional or social outcomes after surviving CPR is scarce. Prospective studies are needed to address this issue and to identify pre-arrest factors that can predict survival in the older people in order to define subgroups that could benefit from CPR.
Background
Since the introduction of external cardiac massage in 1960 [1] , cardiopulmonary resuscitation (CPR) has become the standard treatment for patients with a cardiac arrest worldwide. However, CPR should be applied only if considered effective and not harmful. With increasing age of in-hospital patients, physicians are frequently confronted with the question if resuscitation is a medically appropriate and ethically acceptable treatment for an older patient.
Ideally, the resuscitation policy should be discussed with every patient on admission and after clinically relevant changes in health status [4, 5] . The main factor in this decision concerns the reasonable chance of survival and the functional outcome.
Research has shown that physicians are not accurate in predicting the outcome of CPR, as their prediction of the likelihood of immediate survival after reading detailed information of actual patient cases were no better than random guessing [6] . Moreover, patients initially tend to have an overly positive view of the outcome of CPR, causing them to misjudge their options [7, 8] . After provision of expected survival rates, half of the patients who initially said they wanted to be resuscitated changed their minds [7] . It is therefore important that physicians, patients and their relatives have objective information regarding outcomes of CPR, in order to make an informed decision in the emotional and complicated discussion about resuscitation.
Advanced age is frequently mentioned as a negative predictor for outcome after CPR, but consensus is still lacking for out-of-hospital [9] and in-hospital CPR [10, 11, 12] . Therefore, we performed a systematic review to provide an overview of the chance of surviving in-hospital CPR and the social and functional status after successful resuscitation in the older people.
Methods

Search strategy
A systematic search was conducted to identify studies evaluating survival rates of in-hospital CPR in older people. We performed the following search in MEDLINE, Embase 
Study selection
First, one author (M.v.G.) screened the titles of the retrieved records to identify potentially eligible studies. Two authors (M.v.G. and D.F.) screened selected studies based on abstracts and full texts assessment. Disagreements were discussed with a third reviewer (M.H.). Finally, references of included publications were cross-referenced to retrieve any additional relevant citations. In case of insufficient data in the original study, the authors were contacted for additional information.
We included studies that investigated in-hospital CPR in older people aged 70 years and older as well as studies that conducted a subgroup-analysis of patients aged 70 years and older. The studies had to report one of the following outcomes: return of spontaneous circulation (ROSC), survival to hospital discharge or the social status or functional outcome after surviving CPR. We excluded publications that investigated out-ofhospital resuscitation or in-hospital resuscitation that only occurred in coronary care unit (CCU), intensive care unit (ICU) or operating room (OR). Furthermore, non-original publications and articles for which no full text was available were excluded.
Data extraction
The following data were independently extracted by two authors (M.v.G. and D.F.): patient demographics (age and sex), type of hospital, specific included wards, year and country of publication. A differentiation was made between prospective and retrospective study designs; in the prospective studies, the data collection was performed individually shortly after CPR was performed, in the retrospective studies the data were collected for all patients on a later point of time. The following outcomes were extracted: ROSC, survival to discharge, long-term follow-up (>6 months), social status and functional outcome.
Quality assessment
The methodological quality of the included studies was assessed by using a framework developed by Hayden et al. [13] See Supplementary data available in Age and Ageing online, Appendix S2. This checklist exposes six potential sources of bias. Each item could score 'low risk of bias', 'moderate risk of bias' or 'high risk of bias'. The quality assessment was independently performed by two authors (M.v.G. and D.F.). Differences were discussed until a consensus was reached. When necessary, disagreements were resolved through discussion with a third author (M.H.).
Data synthesis and analysis
As a result of heterogeneity in study designs and inclusion criteria of the different studies, a formal meta-analysis was not possible. Most articles used the cut-off-points 70-79, 80-89 and >90 years, therefore we used these age groups for the calculations of a pooled survival rates. The pooled survival rates were presented in a Forest plot, developed by Neyeloff et al.
[14] The survival rates of other age groups were only described. A distinction was made between studies that included all hospital wards, studies that excluded acute settings such as the emergency room, operating suites and ICU and studies that only included the geriatric ward. Differences in survival rate between different wards were determined by one-way analysis of variance.
Results
Study characteristics
A total of 11,377 articles were identified by the search strategy as potentially relevant of which 3,305 were duplicates. After exclusion of another 8,044 articles, a total of 28 studies were included. Cross-referencing yielded one additional publication that did not specifically refer to older patients in the abstract [15] . Details on the search and reasons for exclusion can be found in Figure 1 .
The characteristics of the 29 included studies are summarised in Table 1 . The studies were published between 1968 and 2012 and involved a total of 417,190 patients aged 70 years and older of which two studies exclusively focused on older people patients [16, 17] . Seventeen studies were conducted retrospectively [2, 3, 11, 12, 16, 17, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Most studies were conducted in industrialised countries.
Thirteen studies took place in a general hospital [3, 17, 
Quality of the included studies
An overview of the general study quality can be found in Supplementary data available in Age and Ageing online, Appendix S3; full details are supplied in Supplementary data available in Age and Ageing online, Appendix S4. Reviewer agreement was >95% for all aspects. The majority of the studies scored a low risk of bias for study participation and study attrition. Eleven studies (38%) [2, 3, 17, 18, 20, 22, 24, 26, 27, 29, 35 ] scored a moderate or high risk of bias for the study participation because either the in-and exclusion criteria were unclear or the description of baseline criteria was incomplete. A moderate or high risk of bias was assessed for the domain of study attrition when the loss-to-follow-up was high or not reported at all.
The vast majority of the studies (86%) scored a moderate risk of bias for prognostic factors, [2, 11, 12, 
Short-term outcome
Ten studies [12, 16, 18, 23, 24, 28, 31, 32, 35, 39] investigated the ROSC for patients aged 70 years and older. The rate of ROSC varied between 20.8 and 57.9%, with a pooled rate of 38.6%.
Survival to hospital discharge per age group is presented in Figure 2 . Eleven studies investigated survival to hospital discharge for patients between 70 and 79 years old and found a pooled survival of 18.7% (range 8.2-35.7%) [1, 3, 11, 22, 26, 30, 33-35, 38, 39, 40] . Six studies [3, 11, 22, 26, 32, 39] included all wards and found a pooled survival rate of 17.3%. In the four studies [30, 33, 35, 38] that included all wards except emergency settings the average survival rate was 18.7%. Finally, one study [34] included only geriatric wards and found a survival rate of 14.8%. In the 10 studies investigating survival to hospital discharge for patients between 80 and 89 years old, a pooled survival rate of 15.4% (range 4.0-31.0%) was found [3, 11, 17, 22, 26, 33-35, 38, 39] . Nine studies described this outcome for patients aged 90 years and older and found a pooled survival to hospital discharge of 11.6% (range 0-50.0%) [3, 11, 17, 22, 26, [33] [34] [35] 38] . No significant difference in survival rates was seen between the types of included wards for any age group. Six studies described both the ROSC and the survival to discharge in patients of 70 years and older ( Figure 3) [12, 16, 23, 24, 28, 39] . In these six studies, a pooled rate of 41.1% of the patients had ROSC after CPR while only 17.5% of the resuscitated patients survived to hospital discharge. Thus, more than half of the patients who initially survived resuscitation died in the hospital before discharge.
Eight studies could not be used for the Forest plots, because they used other cut-off-points for age, see for the results Supplementary data available in Age and Ageing online, Appendix S5 [2, 15, 19-21, 29, 36, 37]. The diversity in ROSC (14.7-52.0%) and the survival of discharge rate is in line with the analysed studies.
Survival rates did not appear to be affected by type of hospital (17.1% in general hospitals and 13.7% in tertiary hospitals, P = 0.687 [2, 23, 26, 33, 35, 39] ), location of hospital (USA 17.4 compared with 21.5% in Europe, P = 0.287 [2, 12, 24, 32, 34]) or time of publication (studies published before 1990 17.7 compared with 17.8% for studies published after 1990, P = 0.641 [3, 12, 16, 23, 33, 34, 39] ).
Long-term outcome
Only five studies addressed the survival rate of patients after 6 months or more after in-hospital CPR [17, 24, 25, 27, 28] . A study that included 156 patients of 70 years and older who were resuscitated found a survival rate of 15.4% after 1 year [24] . In another study that included 78 patients, the survival rate was 20.9% after 1 year, 18.5% after 2 years and 17.3% after 3 years in this age group [28] . In 86 patients of 75 years and older, the survival rate was 7.0% after 1 year [17] . In a study on patients older than 80 years who survived CPR, the survival rate was 6.1% at 6 months after CPR [25] .
In another study of patients aged 80 years and older, 50 out of 474 (10.5%) patients who were resuscitated survived to hospital discharge. The survival rates were 8.4% after 1 week, 7.0% after 1 month and 5.7% after 6 months [27] .
Functional and social status
The social status was investigated in one study. Of the 50 patients who survived to hospital discharge, 19 were discharged home, 9 were placed in a nursing home and 12 were admitted to a rehabilitation or psychiatric facility. Ten were transferred to a chronic care hospital with ventilator capabilities, 7 of the 10 patients died within a week [27] .
Three studies investigated functional status after in-hospital CPR [25, 28, 34] . One study showed that all successfully resuscitated patients (7 out of 41) of 70 years and older enjoyed a level of independence similar to their level before the resuscitation, measured 1 month after the resuscitation [34] . Another study with 42 successfully resuscitated patients (54% of total) of 70 years and older also found that there were no significant differences in the functional level of the survivors at the time of hospital discharge compared with their pre-arrest status [28] . In a study with 24 patients older than 80 years, only 20% of the survivors were capable of independent functioning outside of institutionalised care [25] .
(Pre)-arrest patient-related factors associated with outcome
Only two studies investigated the influence of pre-arrest and arrest factors on the survival rates during in-hospital CPR Figure 2 . The pooled survival to hospital discharge per age group. Forest plots of the average outcomes and 95% confidence intervals. The pooled survival to hospital discharge is shown with a centre line.
specifically for older people [16, 25] . One study analysed 205 patients of 70 years and older with a witnessed arrest. They found that 20.8% (11 out of 53) of the patients with ventricular fibrillation (VF) or pulseless ventricular tachycardia (VT) survived to hospital discharge. This was much higher than the survival rate of patients with other rhythms (such as electromechanical dissociation, asystole or a junctional rhythm) who had a survival rate of 2.6% (4 out of 152). A duration of chest massage of 5 min or less was significantly associated with higher survival to discharge compared with a duration of >5 min (22.5 versus 2.6% respectively). Finally, only a haematocrit level of <0.35 and the presence of more than two acute diseases before the arrest were significantly associated with a lower change of survival (10.6 versus 0.0%, P < 0.01 for both characteristics). An independent function level and normal mental status before the arrest tended to have a higher chance of survival, but the results were not significant [16] .
The other study investigated the mortality of resuscitated patients aged 81 years and older and found that of the 26 patients with VT/VF, 92.3% died compared with 95.2% of the 21 patients with rhythms other than VT/VF. This difference was not significant. The other investigated factors (gender, history of diabetes mellitus, congestive heart failure or COPD, pre-arrest functional cardiopulmonary status, cause of the arrest, arrest time and CPR time) were also not significantly associated with survival [25] .
Discussion
In this systematic review, an overview of the outcome of in-hospital resuscitation in older people is presented. In patients aged 70 years and older, 38.6% had ROSC, but more than half of the patients who initially survived resuscitation died in the hospital before hospital discharge. The survival rates to hospital discharge decline with increasing age. In patients aged 70-79 years, the pooled survival was 18.7%, for patients aged 80-89 years the pooled survival was 15.4%, while for patients aged 90 years and older the pooled survival was 11.6%. We found only four studies that reported the quality of life of older people survivors of CPR, the results were diverse. In two studies all patients had a similar level of independence as before the resuscitation. In contrast, in two other studies only 20 and 40% of the survivors were capable of independent functioning outside of institutional care.
Our results are in line with a recent meta-analysis, which found older age to be a significant predictor of failure to survive to discharge after CPR, with odds ratio 1.5, 2.7 and 2.5 for age over 70, 80 or 90 years, respectively [41] . A previous review concluded that most patients have a relative good functional outcome after CPR, but found that age over 70 years was significantly associated with decreased functional outcomes [42] .
This review has several limitations most of which are related to the design and quality of the original studies. The included studies were heterogeneous in year of publication, inclusion criteria, number of included patients, age groups and outcome measurements. Owing to this heterogeneity, performing a meta-analysis was not possible. Furthermore, the quality of the studies was moderate to poor and no publication had a low risk of bias for all quality items. Finally, after cross-referencing, we included one extra article which was not selected in the search because it did not specifically referred to older patients in the abstract. It is possible that other eligible studies were missed, because they did not specifically refer to older patients in their abstract. However, by performing an elaborate search and thorough crossreferencing, we have reduced this risk to a minimum. Despite these limitations, this review provides a comprehensive overview of all currently available data on the outcome of in-hospital CPR in older patients. This makes this article helpful to physicians and patients in their advanced directive decision-making.
In discussing the decision about CPR, it is important to give objective information. Research has shown that older patients readily understand prognostic information after an educational intervention [7] . When information about the prognosis was given by explicitly with mentioning the chance of survival in percentages, it influenced patients' decisions about DNR orders [7, 43] . Our results can be used to give older people the information they need in order to make a well-informed decision. However, it is important to realise that the results of the included studies are only based on a selected group of patients >70 years, namely those patients with a do-resuscitate policy. These patients are likely to be healthier when compared with patients with a DNR policy; extrapolating the study results to the entire patient population could therefore result in an overestimation of survival.
In order for patients to make well-informed decisions about CPR, further research is urgently needed. First of all, we stratified patients according to age but other pre-arrest factors could be used to assess the risk of a negative outcome of CPR for the individual patient. Previous studies in patients of all ages have identified a range of pre-arrest factors associated with mortality after CPR, including black race [ [41, 42, 47] . However, it cannot be assumed that these also apply to older people, especially given their lower overall chance of survival. Second, previous studies have shown that for older people an expected good quality of life is associated with a greater willingness to receive life-sustaining treatments [8, 48] . The long-term quality of life and functional status of survivors may be as important as survival itself. However, the information on the quality of life after surviving CPR is still scarce. Therefore, future research should focus on both pre-arrest factors and patient-centred outcome measures after survival. We believe that this will require a prospective study design, as many potentially relevant pre-arrest factors or outcome measures cannot be retrieved retrospectively from the patient's chart by a researcher who was not involved at that time of CPR.
In conclusion, survival rates of in-hospital CPR in older people seem to be moderate to low and decline with increasing age. However, it is not clear if age alone is a limiting factor, because most studies did not adjust for pre-arrest factors. Furthermore, important information about the quality of life after surviving CPR is lacking. Even though the survival rates appear to be low in older people in general, the mentioned limitations indicate that there could be certain elderly patients for who CPR is a worthwhile intervention. Future research should focus on pre-arrest factors that could predict mortality specifically in older people, in order to define subgroups of patients most likely to benefit from CPR. Such studies should not only address ROSC and hospital discharge survival rates, but more importantly quality of life, care dependence, cognitive functioning and the long-term survival rates.
Key points
• This review described the chance of survival, the social status and functional outcome after in-hospital CPR in older people.
• More than half of the patients who initially survived resuscitation died in the hospital before hospital discharge.
• The chance of survival to hospital discharge for in-hospital CPR in older people is low to moderate and decreases with age.
• Data on social and functional outcome after surviving CPR were scarce and contradictory.
• This objective information could be used to make an informed decision in the heavy-laden decision about resuscitation.
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